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Abstract
The Mu2e calorimeter is composed of two disks each containing 1348 pure CsI crystals, each crystal read out by two arrays
of 6x6 mm2 monolithic SiPMs. The experimental requirements have been translated in a series of technical specifications for
both crystals and SiPMs. Quality assurance tests, on first crystal and then SiPM production batches, confirm the performances of
preproduction samples previously assembled in a calorimeter prototype and tested with an electron beam. The production yield is
sufficient to allow the construction of a calorimeter of the required quality in the expected times.
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1. Introduction
The Mu2e experiment[1] at Fermilab will search for the con-
version of a muon to an electron in the field of an Aluminum
atom improving by 4 orders of magnitude all previous sensitiv-
ities on this kind of Charged Lepton Flavor Violating process.
The experiment consists of three superconducting solenoids
containing the production and the stopping target, the tracker
and the electromagnetic calorimeter and an external system
used to veto cosmic rays. The calorimeter [2] helps the tracker
in the identification of converted electrons (CE), building an ef-
ficient trigger and improving the track reconstruction efficiency.
According toMonte Carlo simulations, the required calorimeter
performances on CE are as follows: an energy resolution better
than 10%, a time resolution better than 500 ps and a position
resolution better than 1 cm. The calorimeter consists of two
disks with 674 pure CsI crystals each; each crystal is coupled
in air to two arrays of 2×3 UV-extended Hamamatsu SiPMs.
Quality criteria for crystals and SiPM arrays have been deter-
mined by a test campaign on pre-production samples [3, 4]. A
prototype built with crystals and SiPMs fulfilling the quality
criteria has been exposed to a beam to verify, with the help of
∗Corresponding author
Email address: stefano.difalco@pi.infn.it (S. Di Falco)
Monte Carlo simulation, that the energy and time resolutions
meet the requirements of the experiment[5]. The results of the
first quality assurance tests are presented here.
2. Crystals quality assurance
The quality criteria for CsI crystals are the following: dimen-
sions within the 100 µm mechanical tolerance(MT); light out-
put (LO), measured with a 2” UV extended EMI PMT, higher
than 100 p.e./MeV; longitudinal response uniformity (LRU)
better than 5%; slow component due to crystal impurities less
than 25%; LO reduction after a ionizing dose of 1 kGy lower
than 40%; negligible reduction of LRU and LO after a fluence
of 9 × 1011 neutrons/cm2 1 MeV equivalent; radiation induced
noise (RIN) at 18 mGy/h equivalent to less than 600 KeV.
An automated station measures LO (fig.1) and LRU moving
a 22Na source along the crystal. Another station measures RIN
by radiating 6 crystals/batch with a 137Cs source delivering 0.42
mGy/h. Radiation hardness will be checked at Caltech on a ran-
dom subsample of each production batch. Two vendors have
been chosen for crystal production. Of the 322 SICCAS crys-
tals tested so far only 5% have been rejected because of MT and
2% because of LRU. About 44% of the 100 Saint-Gobain crys-
tals have been rejected because of MT. An on going revision of
vendor procedures is expected to improve this yield.
Preprint submitted to Elsevier December 20, 2018
Figure 1: Light output(LO) of first Saint-Gobain and SICCAS production crys-
tals: all have LO>100 p.e./MeV. Histograms are stacked.
3. SiPM quality assurance
Each SiPM array consists of two series of 3 monolithic 6×6
mm2 cells connected in parallel. The quality criteria for SiPM
arrays are the following: for the 6 cells in the array the break-
down voltage (Vb) spread must be better than 0.5% and the dark
current (Idark) spread must be better than 15%; the gain at the
operating voltage (Vop = Vb+3V) must be higher than 10
6 when
measured with a 150 ns gate; photon detection efficiency (PDE)
must be higher than 20%; after an irradiation with 3 × 1011
neutrons/cm2 1 MeV equivalent, Idark at 0
◦ C must be lower
than 2 mA; the mean time to failure (MTTF) must be higher
than 6 · 105 h.
Hamamatsu delivers a batch of ∼300 of SiPM arrays per
month. SiPM characteristics are tested at the SIDET facility
at Fermilab following the procedures described in detail in [6].
After a dimensional check, 25 SiPM arrays (20+5 used as ref-
erence) are tested at the same time at 3 different temperatures
(-10◦C, 0◦C and 20◦C). The Idark vs Vbias curve, acquired by
an automatic LabView program, is used to determine Vb. The
gain×PDE at Vop is obtained by comparing the response to a
green led light with the one of the reference SiPMs. In the mean
time, an accelerated aging test at 65◦C is performed on 15 ar-
rays per batch to ensure the requiredMTTF. Radiation hardness
to neutrons is checked on 5 arrays per batch at the Helmholtz
Zentrum Dresden Rossendorf (Germany). Of the ∼1500 Hama-
matsu production SiPM tested so far, less than 4% have been
rejected because of dark current spread (RMS in fig. 2).
4. Summary and conclusions
Production yield for Hamamatsu SiPMs and SICCAs crys-
tals is excellent. Saint-Gobain crystals yield is limited to ∼50%
because of MT, but improvements are expected in the near fu-
ture. No major problems are envisaged at the moment in the
construction of an high quality Mu2e calorimeter.
Acknowledgments
We are grateful for the vital contributions of the Fermilab
staff and the technical staff of the participating institutions.
Entries  1089
0 5 10 15 20 25 30 35 40 45 50
 (%)DARKRMS of I
0
20
40
60
80
100
120
140
160
180
En
tri
es
Figure 2: Dark current spread for the six cell of SiPM arrays measured at 20oC:
about 3% of the arrays having an RMS>15% have been rejected so far.
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